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@ SDFNDJLQJ PDWHULDOV LQ IRRG DQG SKDUPDFHXWLFDO LQGXVWU\>/DX HW DO 
(NPDQHWDO@HWF
5HFHQWO\3RUWDEOHDQGFRVWHIIHFWLYHGLDJQRVWLFGHYLFHVDUHEHLQJGHYHORSHGZKHUHSDSHULVXVHGDVDVXEVWUDWH
>0DUWLQH] HW DO  (OOHUEHH HW DO@  )XUWKHU WKH DGYDQWDJHV VXFK DV LWV DEXQGDQFH LQH[SHQVLYH
PDQXIDFWXULQJ HDVH RI UHF\FOLQJ ELRFRPSDWLELOLW\ DQG WKH ELRGHJUDGDELOLW\PDNH SDSHU EHLQJ XVHG LQ FRQVXPHU
SURGXFWV>6DPLUHWDO0DUWLQH]HWDO@)XUWKHUWKHDELOLW\RISDSHUWRHDVLO\DEVRUEOLTXLGVPDNHVWKHP
EHLQJH[SORUHGLQELRPHGLFDOGLDJQRVWLFGHYLFHV>&DUULOKRHWDO@3ODVPRQLFEHKDYLRURI6LOYHUQDQRSDUWLFOHV
FRDWHGRQFRPPRQODERUDWRU\SDSHUKDVDWWUDFWHGSDSHUEHLQJH[SORUHGIRU6XUIDFH(QKDQFHG5DPDQ6SHFWURVFRS\
3DSHULVSDUWLFXODUO\VXLWHGIRU6(56VWXGLHVDVSDSHUZLOOQRWLQWHUIHUHZLWKWKH5DPDQVLJQDORIDQDO\WH>&KDQJHW
DO@
$QRGL]HGDOXPLQD WHPSODWHVDUHDOVREHLQJH[SORUHGIRUGLIIHUHQWDSSOLFDWLRQVDQGDUHDSRSXODUFKRLFH IRU WKH
QDQRPDWHULDO V\QWKHVLV RZLQJ WR WKHLU HDVHRI SUHSDUDWLRQSRVVLEOH FRQWURO RYHU WKHSRUHSURSHUWLHV VXFK DVSRUH
GLDPHWHU LQWHUSRUH GLVWDQFH DQG SRUHGHQVLW\ 7KHVH DOXPLQD WHPSODWHV FDQ EH XVHG IRU SDWWHUQLQJ DOXPLQXP
VXUIDFHV IRU 6(56 DSSOLFDWLRQV 7KH KLJKO\ RUGHUHG ZHOO SDWWHUQHG KH[DJRQDOO\ DUUDQJHG KRQH\FRPE OLNH
QDQRVWUXFWXUHVKDYHVXLWDEOHGLPHQVLRQVWRPDNHWKHPJRRG6(56VXEVWUDWHV
9DULRXV PHWKRGVKDYHEHHQSURSRVHGWRGHYHORSFRDWLQJVRIPHWDOQDQRSDUWLFOHVRQYDULRXVVXEVWUDWHV*HGDQNHQ
HWDOKDYHGHYHORSHGDVRQRFKHPLFDOPHWKRGIRUWKHGHSRVLWLRQRIVLOYHUQDQRSDUWLFOHVRQSDUFKPHQWSDSHU
7KHLUPHWKRG UHTXLUHV D SUHFLVH PL[WXUH RI  DTXHRXV DPPRQLD DQG HWK\OHQH JO\FRO (WK\OHQH JO\FRO DFWV DV
UHGXFLQJDJHQWZKLOHWKHFRQFHQWUDWLRQRI1+ FRQWUROVWKHVL]HRIQDQRSDUWLFOHV)XUWKHUWKHV\QWKHVLVWLPHVDUHRI
WKHRUGHURIDQKRXU&KDQJHWDOKDYHUHSRUWHGWKHJROGQDQRURGFRDWHGSDSHUIRU6(56DSSOLFDWLRQVZKHUH
WKHSDSHUZDV LPPHUVHG LQJROGQDQRURGVROXWLRQIRU WZRGD\V7KHUH LVDQHHGIRUGHYHORSLQJD IDFLOH UDSLGDQG
HFRQRPLFGHSRVLWLRQPHWKRGZKLFKKDVWREHYHUVDWLOHVXFKWKDWGLIIHUHQW W\SHVRIVXEVWUDWHVFDQEHFRDWHG LQDVLQJOH
EDWFK 6ROXWLRQ EDVHG DSSURDFKHV DUH JDLQLQJ SRSXODULW\ DV WKH\ RIIHU DGYDQWDJHV RYHU SUHVHQWO\ XVHG GHSRVLWLRQ
PHWKRGV7KHILUVWEHLQJWKHDELOLW\WRFRQWUROWKHWKLFNQHVVGHQVLW\RIWKHFRDWLQJ7KLVLVSDUWLFXODUO\LPSRUWDQWDV
WKH WKLFNQHVV FDQ EH HDVLO\ FRQWUROOHG ULJKW IURP QDQRPHWHU WR PLFURPHWHU UDQJH ZLWKLQ D VKRUW VSDQ RI WLPH
6HFRQGO\VROXWLRQPHWKRGVFDQREWDLQFRQIRUPDOFRYHUDJHZKLFKZLOOUHVHPEOHWKHVKDSHRIWKHVXEVWUDWH7KHUHIRUH
REWDLQLQJ DSDWWHUQVLPLODUWRWKHVXUIDFHRIWKHVXEVWUDWHEHFRPHVSRVVLEOHZKLFKFRQWUDVWVZLWKEODQNHWGHSRVLWLRQ
PHWKRGVVXFKDVGLSFRDWLQJPHWKRGV
+HUHLQZH UHSRUW D WZRPLQXWH VROXWLRQFKHPLFDOGHSRVLWLRQPHWKRG IRU WKHGHSRVLWLRQRI VLOYHUQDQRSDUWLFOHV
7KHYHUVDWLOLW\RIWKHSURFHVVLVVKRZQE\FKRRVLQJWKUHHGLIIHUHQWPDWHULDOVDVVXEVWUDWHV7KHVXEVWUDWHVVXEMHFWHG
WRWKLVUDSLGFRDWLQJSURFHVVDUHDODERUDWRU\ILOWHUSDSHU*ODVVVXEVWUDWHDQGDQDQRSDWWHUQHG$OXPLQXPVXEVWUDWH
 ([SHULPHQWDO
7KH SURFHGXUH IRU SUHSDUDWLRQ RI$QRGLF$OXPLQD7HPSODWH LV H[SODLQHG LQ GHWDLO HOVHZKHUH >&KRXGKDUL HW DO
@7KHGHWDLOVDERXWWKHSRUHSURSHUWLHVZHUHREWDLQHGE\UHSRUWHGPDWKHPDWLFDODOJRULWKPEDVHGRQWKH6(0
LPDJHVRIWKH$$2PHPEUDQHV>&KRXGKDULHWDO@1DQRSDWWHUQHG$OXPLQXPVXEVWUDWHVZHUHSUHSDUHGIURP
$$2PHPEUDQHVE\DQRSWLPL]HGFKHPLFDOHWFKLQJSURFHVV VLPLODU WR UHSRUWHGPHWKRG>&KRXGKDUL HW DO @
7KHGHWDLOV DERXW WKH H[SHULPHQWDO DUUDQJHPHQW IRU WKH FKHPLFDO GHSRVLWLRQ DUH UHSRUWHG HOVHZKHUH >5DQDMLW HW DO
@ 7KH LQJUHGLHQWV RI WKH UHDFWLRQ PL[WXUH IRU WKH GHSRVLWLRQ RI $J13¶V LV DUH VLPLODU WR WKH ZHOONQRZQ
7XUNHYLFKSURFHVV7KHGLPHQVLRQVRIWKHVXEVWUDWHVZHUHDWOHDVWFP[FP7KHVXEVWUDWHVZHUHGURSSHGLQD
URXQG ERWWRP IODVN FRQWDLQLQJ WKH UHDFWLRQ PL[WXUH DQG DOORZHG WR ERLO IRU WZRPLQXWHV 7KH FRORUOHVV VROXWLRQ
JUDGXDOO\ WXUQV \HOORZ DQG EODFN DQG WKH UHDFWLRQ ZDV VWRSSHG DW WZR PLQXWHV 7KH VXEVWUDWHV ZHUH UHPRYHG
ZDVKHG UHSHDWHGO\ZLWK ZDWHU WR UHPRYH WKH XQUHDFWHG VWDUWLQJPDWHULDOV RQ WKH VXEVWUDWHV DQG GULHG7KH;UD\
'LIIUDFWLRQ SDWWHUQV ZHUH FROOHFWHG RQ5LJDNX0LQLIOH[  XVLQJ&X.Į UDGLDWLRQ (OHFWURQ0LFURVFRSH LPDJHV
ZHUHFROOHFWHGRQ&DUO=HLVV6FDQQLQJ(OHFWURQ0LFURVFRSH6(0 ('6DQDO\VLVZDVXVHGWRTXDQWLI\WKHDPRXQW
RI6LOYHURQWKHVXUIDFHRIVXEVWUDWH
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 5HVXOWVDQGGLVFXVVLRQ
7KHGHSRVLWLRQPHWKRGLVEDVHGRQWKHUHGXFWLRQRI$J LRQVDWDWHPSHUDWXUHRI q&7KHPHWKRGWDNHV
OHVVDERXW WZRPLQXWHV IRU WKHGHSRVLWLRQRI6LOYHUQDQRSDUWLFOHV ,W LV LQWHUHVWLQJ WRQRWH WKDW WKH LQVWUXPHQWDWLRQ
XVHG KHUH LV YHU\ VLPSOH DQG WLPH WDNHQ IRU GHSRVLWLRQ LV RQO\ WZRPLQXWHV )XUWKHU WKHUH LV QR QHHG IRU VSHFLDO
FRQWURORIHLWKHUWKHS+RUDONDOLQHFRQGLWLRQVDQGPXOWLSOHQXPEHURIVXEVWUDWHVFDQEHFRDWHGVLPXOWDQHRXVO\7KH
LQVHWRI)LJXUHVKRZV WKHRSWLFDO LPDJHVRI ILOWHUSDSHUEHIRUHDQGDIWHU$J13GHSRVLWLRQ7KHFKDQJHRISDSHU
FRORUWDNHVSODFHZLWKLQDVKRUWWLPHRIWZRPLQWXWHVXQOLNHRWKHUGLSFRDWLQJRUVHOIDVVHPEO\PHWKRGV:KLOHZH
LQWHQG WR XVH WKH $J13 FRDWHG SDSHUV IRU DQDO\WLFDO DSSOLFDWLRQV LW LV LPSRUWDQW WR VHH WKDW WKH FRDWLQJ LV VWDEOH
VSHFLDOO\ZKHQFRQWDFWHGZLWKVROXWLRQV(YHQYLJRURXVULQVLQJZLWKZDWHUGLGQRWQRWLFHDEO\FKDQJHWKHFRORXURI
WKHVXEVWUDWHVDWWHVWLQJ WR WKHIDFW WKDW WKHQDQRSDUWLFOHVDUH ILUPO\DGKHULQJ WR WKHVXEVWUDWHDQGQRW ORRVHO\KHOG
7KLV REVHUYDWLRQ VXJJHVWV WKH VWDELOLW\ DQG SRVVLEOH XVH RI $J13 FRDWHG SDSHU LQ VROXWLRQ PHGLXP )XUWKHU WKH
JURZWKRIQDQRSDUWLFOHVLVEHOLHYHGWRKDSSHQRQWKHVXUIDFHRIWKHVXEVWUDWHVXVHGZKLFKFDQEHDWWULEXWHGWRWKH
GLIIHUHQW V\QWKHVLV HQYLURQPHQW RIIHUHG E\ WKH H[SHULPHQWDO DUUDQJHPHQW 7KLV UDSLG QDWXUH RI GHSRVLWLRQ LV
DGYDQWDJHRXV DQG FRQWUDVWVZLWK VHOIDVVHPEO\PHWKRGVZKHUH WKH SDSHUZDV LPPHUVHG LQ D FROORLGDO VROXWLRQRI
QDQRSDUWLFOHVIRUH[WHQGHGGXUDWLRQVRIVHYHUDOKRXUV
8VHRISDSHUV IRUDQDO\WLFDODSSOLFDWLRQVFDQVRPHWLPHVEH OLPLWHGGXH WR WKHDXWRIOXRUHVFHQFHRISDSHUZKLFK
PD\ LQWHUIHUH RUPDVN WKH DQDO\WH VLJQDO LQ DQ RSWLFDO DQDO\VLV )LJXUH  VKRZV WKH IOXRUHVFHQFH VSHFWUD RI ILOWHU
SDSHUXVLQJDQH[FLWDWLRQZDYHOHQJWKRIQP+H&GODVHU7KHIOXRUHVFHQFH VSHFWUDZHUH FROOHFWHGE\2FHDQ
2SWLFV VSHFWURPHWHU7KH DXWRIOXRUHVFHQFHGXH WR WKH FHOOXORVH VKRZV DJUHHQ HPLVVLRQ FHQWHUHG DURXQGQP
$IWHUFRDWLQJWKHILOWHUSDSHUZLWK$J13¶VWKLVDXWRIOXRUHVFHQFHLVREVHUYHGWREHFRPSOHWHO\TXHQFKHG)LJXUH
ZKLFKPDNHVXVHRISDSHUDGYDQWDJHRXVIRU6(56DSSOLFDWLRQV7KHTXHQFKLQJRISDSHUIOXRUHVFHQFHLVEHOLHYHGWR
EHGXHWR QRQUDGLDWLYHHQHUJ\WUDQVIHU>'XONHLWKHWDO6LQJDPDQHQLHWDO@
7KH;5D\GLIIUDFWLRQSDWWHUQVRIWKH6LOYHUQDQRSDUWLFOHVFRDWHGRQILOWHUSDSHUDQGRQJODVVVXEVWUDWHDUHVKRZQ
LQ ILJXUH  $ DQG % UHVSHFWLYHO\:HOO GHILQHG GLIIUDFWLRQ SHDNV ZHUH REVHUYHG LQ ERWK FDVHV DWWHVWLQJ WR WKH
FU\VWDOOLQHQDWXUHRIWKHFRDWLQJ$OOWKHGLIIUDFWLRQSHDNVFRXOGEHDWWULEXWHGWRFXELF6LOYHUDQGZDVLQDFFRUGDQFH
ZLWKWKH-&3'6FDUGQR
7KHVFDQQLQJHOHFWURQPLFURVFRSH6(0 LPDJHVIRUWKHVLOYHUFRDWHGJODVVVXEVWUDWHVDQGILOWHUSDSHUDUHVKRZQ
LQ ILJXUH  D DQG E UHSVSHFWLYHO\ 7KH JODVV VXEVWUDWH LV XQLIRUPO\ FRYHUHG ZKLFK FDQ EH FRPSDUHG ZLWK
RWKHUGHSRVLWLRQPHWKRGVVXFKDVWKHUPDOHYDSRUDWLRQVSUD\S\URO\VLVHWF,WLVFOHDUIURPILJXUHDWKDWWKHDYHUDJH
VL]HRIWKHSDUWLFOHVRQWKHVXUIDFHRIJODVVVDPSOHLVRIWKHRUGHURIQPDQGWKHSUHVHQFHRIVKDUSHGJHVFDQ
EHFOHDUO\VHHQ7KH6(0LPDJHRIWKH$J13FRDWHGILOWHUSDSHU)LJXUHEVKRZVWKHXQLIRUPGLVWULEXWLRQRI$J
QDQRSDUWLFOHVDQFKRUHGRQWKHSDSHUDQGQRODUJHDJJORPHUDWLRQVFRXOGEHVHHQ7KLVLVDGYDQWDJHRXVRYHUWKHUPDO
LQNMHW SULQWLQJ PHWKRG>3HGUR HW DO @ ZKHUH RQFH WKH $X 13ORDGHG SDSHU ZDV GULHG VPDOO DJJORPHUDWHV
RIQDQRSDUWLFOHVLUUHYHUVLEO\DEVRUEHGRQWKHFHOOXORVHILEHUVFRXOGEHFOHDUO\REVHUYHGLQWKH6(0LPDJHDWPXFK
)LJ  )OXRUHVFHQFH VSHFWUD QP H[FLWDWLRQ VKRZLQJ WKH 4XHQFKLQJ RI DXWRIOXRUHVFHQFH RI SDSHU ZKHQ
FRDWHGZLWK$J QDQRSDUWLFOHV,QVHWVKRZVWKHRSWLFDOLPDJHVRIILOWHUSDSHUEHIRUHFRDWLQJDQGDIWHUFRDWLQJ
 
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)LJ  ;5' SDWWHUQ RI $J13 FRDWHG D 3ODVPRQLF SDSHU E JODVV VXEVWUDWH FRQILUPLQJ WKH SUHVHQFH RI $J
QDQRSDUWLFOHV
)LJXUH6FDQQLQJ(OHFWURQ0LFURVFRSH6(0LPDJHVIRUWKH6LOYHUFRDWHGDJODVVVXEVWUDWHVDQGEILOWHUSDSHU
ORZHUPDJQLILFDWLRQ WKDQ WKDW IRU RXU VXEVWUDWH$ KLJK UHVROXWLRQ6(0FRXOGQRW EHREWDLQHG IRU$J13FRDWHG
ILOWHUSDSHU GXHWRFKDUJLQJRIWKHVXEVWUDWH+RZHYHUDVWKHJODVVVDPSOHZDVGHSRVLWHGLQWKHVDPHSURFHVVZHFDQ
DVVXPH WKH VL]HRIQDQRSDUWLFOHVRQ WKHJODVVDQGSDSHUDUH VDPH 3UHVHQFHRI VXFK VPDOO VWUXFWXUHV WKHXQLIRUP
VXUIDFHFRYHUDJHZLWKRXWDQ\DJJORPHUDWLRQ DUHEHQHILFLDOSDUWLFXODUO\IRU6(56DSSOLFDWLRQV
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